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A real problem of every gunnery officer afloat is 
the handling of ammunition during action and even during 
peace. Esnecitally during action, when time anid manpower 
are gost precisus, the factors causing cumbersome hand- 
ling methods come up for his close serntiny. Thus from 
his entirely practical survey, the proposal te use licuid 
instead of soli¢@ pranellents for the nurpose of easing 
the shortage of time ond manpower in ammunition handling 
looke attractive. The igea is not new, but very little 
has been dene toward Investigatine and evaluating the pos-~ 
sibility of uging lieulid proveliants for gums. 

Liquid propellanta may help solve cther gunnery pro- 
blems as well ag the handling problem. Selentific methods 
are being sdorted ranidly in every shase of gunnery, but 
the transformation of gunnery from an art into a ectence 
is eniy partially complete. Tactics] demands for higher 
ratea of fire st higher velocities are far ahead of the 
ability of gractical gunnery te meet such demanis, The 
propellant, both physically end chemically, may be the 
field where scientific study should be wumdertaken neste 
Much basic researeh in solid cropellants is being 7one, but 
little haz been started in the field of liguid vropellants 


Tor guns. 
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The obfecta of this thesis ere 1) to @efine end out- 
line the requirements of the gumeprovellant system and 
2) to Lilustrate by specifie application some problems 
sriging with the use of liquid propellants. That the pro- 
pellant handling phase may not be the oniy plece in gunnery 
vhere Improvement could be made through the use of a Liquid 
propellant will be emphasized. There is no intention of 
ja@plying that the liquid prupe@llant would be @ cure-all for 
practioal gunnery probleme, but it is believed that im 
orovements are necessary and that here is « field thet looks 
ypromising. Since most of the related experimental data 
are classified, only the general problem will be eutlined 
here in such &@ way that its essential features will be 
made apparent to any reader wishing to undertake critical 


study in this field. 
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Part I. Rfequirements of a Gun-Propellant System 


eection I, 1. Basic Concepts 


A gun ig¢ simply a means to an end -- 

that of imparting @ desired velocity to an object. Howe 
ever, the requirements of high velecity, mechanical flexi-«+ 
bility in elevation ang train, and rapidity of fire make 
the modern gun en enermously complicated machine. One of 
the major practical Limitations in operating this machine 
is that of mainteinine the supply ef projectiles and pro- 
p@llant to the gun during prolonged firing. The gum ie 
necessarily a "bateh process" is so far az the projectile 
is concerned, but the question arises as to where the bateh 
process should start for the prepellant. if a fflew pro- 
cees® eould be ennleyed for the propellant up te the final 
eBtage of proportioning 1% into the sun, it appears that a 
great imorovement in handling efficilency could be realized, 
& Lieuld propellent may make possible such a flow provers. 

Some definitiona are needed before laoking at the 
preblem sore closely. These definitions are very bread so 


that idean of eonventional derign and useage will not liait 
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or prejudice the development ef thig new subject. The term 
gun is used to specify @ speclal tyne of heat engine de- 
signed to convert the stored-un chemiesal energy of 4 pro- 
pellant into kinetic energy of a one-stroke piston. In. 
order te aecomplish this conversion of energy the sropellant 
is converted in the chamber (cylinder) into high pressure 
gases which act by expansion to impart velocity to the 
piston. This piston may be a "free pleton™” es is the case 
when the gun fires « projectile or rocket directly. However, 
as employed in the catanult the piaton may be merely sb 
vehicle usec totransait the velocity to the prime cbhiect, 
for instance an sirplane or recket. From this definition 
and in terms of modern heat engines the Liquid fuel cere 
tainly seesus plausible. 

A propellant is a chawical system eapable of decom 
position into gases at a rapid but controllable and repro- 
Guciblie rate. Once again this definition permits us to 
econgi@er Liquids a8 well a6 gwgolida, although there may he 
need to investigate entirely new control methods in order 
to obtein the desired rate of gas evolution. In gunnery, 
at the present, the term propellant is rarely heard. Powder 
is the descriptive rord found in commen usage In such terns 
as “powder hoist", “powder case and "powder bag"®. The 


powder idea is @ carry-over from the days of black powder 
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which was initially a fine, granular chercoal powder. Toe 
day'e gun propellants are rarely ~owders but are instead 
solids of definite size and shape, designed to give a 
specific surface as a means of controlling the rate of 
g28 production, The real question is whether the pro- 
pellants need to be solids. | 

The term liquid is difficult to define critically, 
but for the sarpers of this paper a liquid is any material 
that can be readily handled at room temperatures (plus 
or minus sbout 100°F) by such methods ae pumping, pouring, 
and etomizing. Examples of sueh liculds are gagoline, 


benzene, and liquid hydrogen peroxide. 


Section I 2. Particular Requirements. | 


The basic concepts above were stated 
for the vurpose of permitting the broadest nossible inter- 
pretation of the gun-propellant system. However, specific 
requirements must be introduced before any practical 
system can be investigated and evaluated, 

Consider some gun requirements. As the speed of the 
target is inereased there is a certein point where a gun 
of a piven mugale velocity becomes useless against the 


target. Tomorrows targets will certainly travel at near- 
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sonic or super-sonic speeds ant gun defense tactics against 
such targets wlli dictate the highest possible suazle 
velocity, held within lisits by the maximum alloweble 
erecsure in the gun. The need for high velocity sets de- 
finite requirements for the prepellant at the same time. 
More propellant energy per sound of projectile is required 
for higher velocities, But the provellant met do expen- 
sion work to impart velocity to ite own weight as well as 
the vrofectiia weight, To keep this nton-useful werk at a 
low reletive value, Khith energy content per sound of pre-e 
g@llent is desirable, feturning te gun requirenentgs, long 
life which denvends on minimizing ercsion of the barrel 
caused by burning away of the vetal by the not gases, is ea 
very important requirement thet is especially hard te meet 
in rapid-fire guns. Flexibility, already mentioned, cust 
be aecompanied by ease of servicing, Simplicity ef design, 
ease of loading, and gserhaps most of all reproducibility 
of fire. Wot every gun will have these requirements to 
the sawe cegree, consider 4 catapult for inetence, but 
evaluation of any gun-pronellant system should eonsider 
these points among others. | 

& typheal list of specific requirements for solid 
propellants isa: 

1. Stability during storege. 
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Abliity to withetand exposure to extreme teepera- 


tures (approximately 400°F) for a short ceriog as in case 


ef a misfire in a het gun. 


De 
hye 
5. 


be 


V3.6 
erature 


LA. 


Mregressive burning. 

High energy centent per unit weight. 
Hon-sansitivity to shack. 
Htonedetonuating. 

Relatively easy and safe to handle. 
Not excessively erosive to the gun. 
Yelatively easy to ignite. 
Enorteleaa. 

Flashlezs, 

Feproducible ballisticaliy. 


Pree from exceagive corrections for tnitial tesm- 


daptable te securing of « simple, effective gas 


geal in the gun. 


15. 
16. 
17s 


Adaptable to papid fire. 
Be aperable at -40°F, 


Can be mace availsble in iarge cuantities tn time 


of emergence. 


A&A iist of epecific reeniremente for 2 liquid vropellant 


neeé not include all of the above requirements, but many 


are intrinsicaily required of any oronellant used in guns. 
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Cpecifir requilresents for « Liqwid will have to be 
set un when more is known of the high pressure behavior of 
liquid propellants. The viscosity limits wast be get, fer 


instance ° 


Section I 





tal Research. 


Golld gun propellants have been in use fer 
over 100 years during which time very Little thought hes 
been given to the possible use of liquids as propellants. 
The reason for staying with the solide is that they have 
been perfected to a high degree and have proved entirely 
satisfactory in the moclicationa in which they were needed 
and used. In fact, the emphasis in gunnery development in 
the past 29 yeats has been on bringing the parformence of 
fire-control equipment up to the stardarde of gun perfor- 
mance, It i@ my belief that the emphasise ehould now be 
placed on the performance of the gun itself, and that ime 
provements are needed for the following reazons: 

i. Muzzle velocities ere too low, 

ef. Gun life is tao short 

3. 6torage probleme Limit the firing capacity. 

4. Too many men are needed to handle the ammunition, 
hence fer any given size of Shin or tank, the number of 


guns firing is definitely limited by the inability of the 
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vessel to carry sufficient sanvorer to keep more gune 
firing simultaneously. 

It ig possible that the consideration of liguid pro« 
pellante may indicate how to remove most, if not ail, of 
these major limitations on gum performance. The nature 
of these problems must be analysed and then the scelences 
must be calied noon to study the clearly defined componenta,. 
Seecifienlly chemistry, schysics, ant engineering desten 
elements must be sorted out, then baste regearch must be 
initiated in theese fields. 

Ths research in chemistry should aim at develonment of 
liquid propellants with: 

1. Low aeciabatic flane teaneraturs to give Lese gun 
erosion, | 

ee Explosion producta of low molecular weirht in ore 
der to give better gun effietency at surer-velocity. 

3. Snitable stability when subjected to high rressure 
and shock. 


As Suitable viscosity. 


The physics problems are related to interior ballisties. 
BRegearch in physics should aim at derelooment oft 

1. Methods of controlling burning rates. 

2. Kethods of injection er other seittable seanse for 


getting the propellant into the gun. 
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3. Methods of computing the pressure, voluse dis- 
placewenat, amd power required to deliver the propellent 
to the gun at the correct rate, 

4. tetnods of somputing velocity-displacemsnt re- 


lations, 


Finally, satisfactory engineerins designe must be 
developed for the gun-propellant systan consid fering prace 
tieali requirements of: 

1. cCe#rvissability, 
ao wtafety features, 

3. Flexibility. 


4 inimiesing the nugber of opersting personnel, 


it le evident that the resulte of these studies must 
be clo#ely cow~ordinaten by a groin fautiilar with the future 


tactical requirements of the gun. 


Part Ii, Prebslemse Connected with Licuid Propellents, 


of Ligvid Pronella 





Section Ii, 1, General Characterisatica o 


Liquid prepellents may be classified 
by their number of components, for instanee one and tro 


component propellants are termed mono-propellante and bie 
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eropellante. dn axévantage of the bi-propellant is that 

two relatively stable compounds can be handled an? etored 
separataly with gafety, each being non-exrlosive until 
@ixed with the other. This feature, however, may be a 
disadvantage in those apsiieations where unintentional 
 mixdng through container damage may oceur ee on beard shins 
and in tanks. another disadvantage of the biepropellant is 
the relatively long time recuired for mixing which wey neke 
the overall reaction time excessive, Still snather exe 
pected disadvantage of the bipropellant is further come 
plicated of injection machinery. The advantage of the 
mone-propellant is that it can be handled quickly end simnly, 
however, cost mono-propellants heve the hisadvantage of 
relatively low shock and temnerature atability. Neverthe- 
lees, at the present, the mono-propellant anpears to be 

the better choice fer investigation. 

Application of liquid sropellants has been largely 
restricted to rockets and jJetepropelled aircraft and 
missiles where the pressures encountered are but a fraction 
of those to be expected in suns or even catunuits. A typiesal 
liquid propellant rocket chamber pressure ig 200 peSeles 
Thie pressure factor of more than 100 slisinates the direct 


application of many Known liquid propellants ir) guns be- 


cause of their ease of detonation at high rreseure. Eome 


of the results of researeh in liquid pronellamts fer rockets 
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eould be utilized to obtain sronerties needed for the 
study of gun application. At am ezample, the charace 
teristic chamber length, -. whieh 1s determined for 
propellants used in recketsa, is related to the reaction 


rate which must be determined for prepellants used in guns. 


Section II 2. Specific Characteristics Applied to te 
_.. _.uc Interior Ballistics Formulas, 





In what way the physical cuelities of 
the propellant enter the gun performance may 'e seen by 
atudying interior ballistics, In 1926, Crans, one of 
Germany's iealing ballisticians, said of this subject, 
"It would be an ideal situation if, ones the gun, the sre- 
jeetile, the weight of powder charge, and the physical 
and chemical properties of the powder are Known, we could 
determine by a nurely theoretical arocedure tho tine 
variation of the £&8 preSeure in the berrel, ang the gas 
temperature. However, in consequence of the great cote 
plexity of the =roblem and the lacx+ of empirical ground 
work, we shell find interior baliisties eo far from this 
{deal that it may be seid to be still in the rudimentary 


i 
atages of ite development.® Although there have been 








' Grang's Textbook of Bullistics, Vol. Il Part I 
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improvesents during the past 20 years, the subject is 

etlii filled with semi~empiricel formules. Since neo 
empirical date are available as yet for the hehavior of 
liquid propellents in puns, it is my olan to modify the 
simplest satisfactory eolid propellent ballistic treatment 
insofar as it seems permissible, indicating all sseumptione 
and what tg¢ lacking by @uech procedure, In this manner the 
importance of some gquslities of provellantse can be clearly 


geen. 


The Le Duc Formulas (with modifiestions) 


The Freneh ballistician, Le Duc, originally ¢erired 
a set of semi-empirical interior ballistic forsules from 
exneriments for caleuleting reecil cressures. Thess for- 
mulas were later modified for American vowders and adonted 
ae standard for 0.0%. Navel Proving Ground interior bale 
listic problems. The following derivation is condensed 
from the treatment given in Navel Ordnance 1999, and modifie 
eation of coefficients and constants will be made for 90% 
hydrogen peroxide as the prepellent. Bydrogen peroxide is 
chosen hecauge it hes heen widely juvestigated and is une 
claseified. It was suecessfully used by the Germans in 
the catapult leuncher fer the V-l burz bomh, Thies launcher 


operated with a chamber pressure of about 800 p.8e1. behind 
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& piston in a "“eannon™®, 11,5<inches inside diameter and 
160 feet fuag. 

The physical charscteristics of 90% hydrogen per- 
oxide which interests us here are 


a 


he Heat of Gecomposition of anpsrorimetely 1100 BYrU/ib, 
ze A#dlabatioc flame teuperature of approximately 
15709" at 19,000 p.s.l.. 

3. ®yeeifiec gravity of 1.30 at G4°P, 

& Viseosity 0.0130 polees at 64°F, 

§. Critical temserature S5A°r, 


6, Honedetonating when uneontaminated. 


How let us proceed with the derivation of Le Ducts 
formulas modified for 90% H,0,. A relationship between 
velocity and travel of the srojectile in the bore is es- 
sumed frea the resulta of exoeriments for calculating 
recoil pressures, This approximate relationship is theo-— 
retically true for slow degressive powders only , however, 
because of ite simrlicity 1% has been used in gun-desigen 
work for many years, giving fairly gued apnreximations 
of pressure and mugzle velocity under many conditions. 

In: the ease of the 16 inch 45-caliber gun, the sowder 


charge and the maximum pressure, computed before the gun 






Chemistry - February 1946 


xide ~ 1946 


Ordnance anc Gunnery - Techanrat 
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was built, were on actual firing foune to be very nearly 
1 


exact. 


The assuned relationship between velocity and pro- 


jectile travel is given by the equation 


1) Vv *@ ax 4, or a 
b+x (p/x) +1 
where v ® velocity, ft. per second, 


x = projectile travel in the bore, feet, 


a,b = constants. 


Letting x become infinite, v= a, From this is is seen 
that ais the velocity that the projectile would have if 
all the available energy of the provellent charge were 
converted into projectile velocity in the gun. The total 
work done by the gases would equal the kinetic energy of 
the projectile. 
For Kinetic energy we have 

Kez. = wa. foot pounds 

eg 

where w = weight of projectile, pounds, 


¢€ * eonversion factor, 32.2 ft/sec’. 





1 Naval Ordnance 1939 page 50. 
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Assuming adiabatic expansion of an ideal gas, 


pv" constant = k 
where 
| » ™ vressure, Lbs /in’. 
= YoLune, in.? 

mn # ratio of specific heata. 
The work done in expending the gas from ¥, to V, is 
¥ « - pivo= k cvs av 
v i ve 


‘ Vy 


= KK - _ L { 
n I 


ani when V, is infinite 


Ben a oe L 


n- i Ve no 





Let @ eonal the work done by 1 vound of gas in exnanding 
: ’ 

from V,; which it ocecnsies at unitedensity to infinity. 
Here Vy is 27.63 oubie inches (4.¢., the volume of 1 


round of water). 


heal teeaeE 





nee 


i 
Hote that unit-density is defined to waxe ensity 
nngerically eenal to specific gravity 
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Substituting we get 


BD Ba Be Ae 
n= (27.6%) 8-1 


But if the expansion is from a density 4 insteed of unite 


density, then 
V, * 27.68 , and the work will. be 
A 


A OPE. = ga 


fim]. (27.68)0>) 





fThie is the work per sound of gas. Por 4 charge of w - 
pounds of propellant the total work ie Ww or we 4 (n=s) 
whieh must equal the energy of the projectile, or 


4 t oe 
va = ww BAT 


a 





2 ‘ane 
giving oe = 2g8 Ge/w) A Pm! 


a © 286 (e/e)'/? A ~* 


The available energy per pound of 90% HyQ, if ap 
proximately 1100 BTU = £46,800 foat pounds 


RROTRICLED 


1, 


Rence, 


28 = ThA 


But owing to losses through heating the gun, forcing pres~ 
sures to start the shell, friction, etc., we can use only 
70% ; of this value or 5230. The exponent n is Cy/Ces the 
ratio of specific heat of the gases at constant pressure 

to thet at constent volume, which ils tenperature dependent. 
However, an average value’ of 1.24 is assumed as constant 
for the working temnereture range. Then we cet as an ex= 


pression for the value of the constant a, 


a = $230 (w/w)t/2 A (.42) 


Now we evaluate the constant b of the velocity ecua-~ 
tion. iret 1% will be noted thet b must have the dimen- 
sions of distanee and it will be shawn that b is related 
to the value of x, projectile travel, at the voint of 
maximum pressure. 


¥riting the velocity eeusation es 


by + xy¥Y @ a& X 





' at the Naval Proving Ground A was found thet for 4 tere 
tain nitrocellulose nowder 4 2g% = 9706. In order to make 
ecaleulated values agree with firing results a value of 
6222 wae chosen, instead of 9706, the commuted value of 
Vek for the certain powder, The ratio 6823/9706 was 

‘weed to ebtain 70%. 


2 Extrapolated from data in pamshlet entitled Beeco Hycrogen 
Peroxide, 
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and differentiating with respect to time we get 
(bex) dv = (e-v) dx 
at 


t 


substituting vw from (1) we get 


a -¢ ax = ab y 
at. (b+x)” dt (b+x)? 
or 
3) @ * @v = ab ax = a bx 
at (pex)” (hex) (p+x)? 


This is the expression for acceleration. It is assumed 
that the acceleration of the projectile follows the pres- 
sure curve. In other words, the maximum presenre occurs 
when the rate of change of the acesleration is gero. This 


is expressed by 


z 
t 


| 
| 
© 


Vv 


or d*y 2 (b+x) 2a*b-3a*bx(b+x) ? ax - 9 


at? (b+x) ® at 


* a*b(b-2x) dx = 0 


(b+x) * at 
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' 4 a 
ince the factors a , (b+x) , tndab must be finite, 
t 


4) be 2x 2s £ or ob = aR, 


showing that bis telce the traval of the profectile to 
the point gaxiwunm pretsure, 

Wow Let us anagiyse wnst factors éGetersine the point 
of maximus presegure in the gun. For solid gropellantea e 
porder constant, 8, ie determined for every lat of sows 
Ger which designates the relative funicinesst of the nowe 
Ger. The value of 8 denenis on the web thickness, the 
grain shape and give, percentage of volatiles remaining, 
etc... It i# actually an index of the rate of burning 
under specific cenditicns. For slower burning powders 
the value of 2 is larger. The point of maximum vressure 
for solic propellants 1s cleo dependent on the amount of 
initial air space around the charge, oecurring seoner for 
® smell air space. It is a function of the weight ef the 


t 
projectile, too. An empirical expression for b is 


b = 6 4) (87? 
J 
where 
$8 = power constant 
Asx density of loeding 





’ Haval Grénonce 1939 vege 54 
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Q 2 apecifie gravity of vowder 
6 #2 chamber volume 


W ® weight of profectile 


Por the liguid propellant the ceteralnation of the 
burning rate will require etucy with various neraneters 
guch as mixing sethods, atomization, injection rate, ote.. 
This is a field for busie research, For the woment we 
shail assume thet this work har been come an® thet by one 
method or another @ value of x for the saint ef maxious 
pressure can be obtuined for the #olld proveliant, Thie 
would verait us to uge our gum barrele of present desten. 
Hence the treatwent here wili assume a suitable value for 
b> desending on tne gun only. 

It is now possible to write & general exuressicon for 
the pressure at any point in terms of the velocity cone 
etante. &tarting with 

Pressure * F = ga = 
A, A 


T 


where 
= force acting on base of ocrodjectile, ibs. 
* grea of tase of shall, ins 
Ww * weight of shell, ibs. 
@ * gonversion factor, 32.2 ft/sec" 


2 
a = aceeleration, ft/see 
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then 


Pos @ abby 
g@ aA(bex)?. 


This expressicn, however, actumges thet the pressure doses 
only useful work. Ta serrect far none-useful werk the Haval 
Proving Grown found thet wuitinlyine the thecreticnl cree 
sure by 1.12 gave good agreement with sauge oreseures. 


fente for maximun oressure 


RBAEB 


ard substituting « = b/2 we get 





: | ee . z 
5) Ponx. = LabZwab * WA Lbe/in 
guage 2¢(3b/2)? bg ab 


There is still one factor te examine aore closely, 
namely the deneity of leading, A » im the formula for detere 
“aining a. Thie term, density of leading, must be inter 
preted for our liquid propellant. For the agolid srepellant 
A is the retio of the weight of the pewser charge to th 
weight of a volume of water, at standard cenditions, suf} 
fielent te f111l the volume G, a? the powder chamber, Bike 


preesing & in euble inches, thie weight of water is & 
27,68 


RESTRICPED 


ana if w is the weight of the cherge in pounds, then 


A = 27.68 
& 


a we 22 
( (27,68w/&) 


ant a = 5230 (/w): 

This formula assumes that the total charge wis in 
the chamber when the burning takes place. Then 4 ia the 
density that the chearce would have if it entirely filled 
the powder chamber, which it wroulcé do if it were entirely 
converted to gases, Hence, is a saraneter related te 
the density of the gas under decomsoutition cenditions of 
high temperature an® nregsvre. Por our Liquid vropelilsnt 
this will be a function of the rate of injection and rate 
of mwarnivs«. 

Now it is assumed thet the rate of injection can be 
eorrelLated with the burning rate to give a value of A for 
the iiewld comparatle to that of the selld cropellant. 
Certainly more convenient parameters involving rate of 


infeetion could be set up, but with the ahove asg#ertion 
we can compute a value of a to match a particular gun~ 


eropelliant system. 
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Svomary of Formulas 


Rquationss: 
1) v = ax 

Dex 
2) a = 5230 (H/w)' me * ater) 

x 

3) @ = gy = by 

at ‘Chex)? 
4) b&b = x (chosen to watch gun) 
| 2 
5) Prax * BB 

6gAb 


6) P = 1,22 w a*bx 
ga(pex)? 





v = velocity, ft/sec. 
4,6 = constants 
x *® travel of sretectile in bore, feet 
’ * precgure, Lbe/in 
S$ * chanber volume, in. 
A * area of base of projectile (ptsten) in” 
ws weight of erepellant charge, ibs. 
« © wWelght of ocrofectile (gross mess to be ace 


eelerated), Lbs. 
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c+ @ mm LA 
t 


= gensity of leading, ratio 


= time, seconds 


a 
conversion factor, 32.2 ft/sec 


a 
= acceleration of projectile, ft/sec 


Section II 3. Application of Formulas in Type Problems, 


Thus far no specifie gun has been intro- 


duced. In order to illustrate how the sropellant charac- 


teristics affect the gun performance, we shail apply the 


ballistic formulas just derived for 90% hydrogen peroxide 


to three sets of epecifiesatians for guns (er catanultes) 


with widely different parameters. The guns chosen are 


either vncleesified or hypothetical and will serve only 


to give definite data with which to work. 


Specifications 4 - 


Cross weight to be accelerated 


End Speed 


Maximum pressure 
Cylinder diameter 
®gxinounm acceleration 


Length 
Propellant 
Weight of cherge 
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25,900 ibe. 

S22 knots 
60900~-10,000 peBele 
14 in. 

50 g. 

as necessary 

$0% 8,0, 


as necessary 


26. 


From our formmlas we ean find an expression for Ww, the 
weight of charge, The maximum acceleration is ta be 50 ¢,. 
or L610 ft/sec. whieh will occur at x = b/?2. 

then substituting im eeuation 3) 


1610 « a bb = ab = ha. 
2(b+b/2)? 2(3/2n)? 27 


and substituting equation 2?) for a, we gat 


16160 # & (5230)* w at 


e7R 25,000 


s 


41 
tt 


or 


aaa 





ers 


cD 


si 


= i190 w/)°** 


Algo fram equsetion 5) 


P ~ w ea” = ¥(5230)* ¥/¥ 1, 


GgAb égab 





= (§230)" w Assi x10 = ($290)7 x 


baa e . eae 


@j 


@ 9200 n.9.4, (this is within specifications) 
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We still heve to determine a enitable powder charge and 


length of gun. Using end velocity an given, 


Ve = 522 knots = $22 * 19 ft/sec. 


= #879 ft/sec, 
and setting 1t in the velocity equation, 1) 


870 = ax 8 & 230(m/w)'/? Att? 5 | 
(b+x,) (b+x) 


Sow assuming b= 100 ft, making w = 1900 a4 ? Sives 
A 


870 5230(1000/ a***)'7*_ 4 18 
(100 + x) (25,000)1/# 


870 = 5230(1000/25000) */# x 


(1004+x) 


or (100%x) = §239 x © 6? x 
S70 x 5 


then .4#x = 100, . or x = $00 ft. 


The weight of charge is still expressed in terms of 4, 


If we sassame A «= .2,)) then 


1) Bensliy of loading for solid propellants varies between 
o& and .7 for Naval guns, Whether such high densities 
of loading could be realized for liquids is met mown 


Or 5 Mt; t) : @ .3 > wh: 
CAE GEFOERTSP ALM! Chis Gatamskse chore” te show 
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w = 2000 #* 1000 = 1470 lbs. (approximately 
(va) ** Ast 16.5 au.efte or 
7 _ 130 gallons) 


Rowaver, if A # .3 


w = UP70 Lbs. 


This snows the algnifioance of the "density of leading® in 
deteruining the oropellant charge. In whst manner the in- 
jection rate is related to thie selid propellant osrameter 
ig’ an imoortant phase to be studied, 

One more ealeuiation will be mede in orter to easti- 
sate the time scale for injection. How long will the 
projectile be in the gun after it starts its travel? Ex- 
gsepbiag ecuation 1) as 

ax = ¥ = sx * ao 
dt +x b/e + i 
and integrating over the distance traveled, 350 feet, 


$00 
1/a s (o/x + l)dx = ¢t 


t/a [binx + x]7° = ty 


gives 
620 + 500 = ty 
& 
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Evalusting a, for A= .3 
a = 5230 (1270/25,000)'/* ,3°t# 


@ $230 m= .2%5 x .865 * 1020 


Therefore 


t = L120 es 1 seconds 
, 1029 


Note that x was evaluated from i te 500 feet since the Le 
Due foravia obviously does not describe the velocity in- 
itially. This ean be seen by setting «= 0 in the 


acceleration ecuation 3) 


a” ns 
(Sey 


giving 


a @ @'s 


Since the prescure fa proportional to the acceleration, this 
indicates that the simple Le tne formula joe not give the 
correct initial pressure (when x = 0). On the time seale 
the pressure and velocity curves do not heve the same origin. 
Therefore, the time, t, , computec is a rougs approxi~ 


mation giving us only the correct order of mugnitude. 
Wow let us look at another set of apecifications. 
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Puneactfieatians 





Grose weight to be aceelerated 
end speed 

Accelerated rim 

waxionm acceleration 

Maximum nressure 


Cylinder dianeter 


Maximum aseeeleration is ta he 


Le 
3 
® 


25,000 Lbe. 

104 Mnots 

150 feet 

303 Be 

2090-4000 DeBel. 
vn 


| 2 
3.5 £ = 3.59 = 32.2 2&2 Ll? ft/sec 


whieh will oceur at x = b/2. From the eeceleration equa- 


tion 3) 


2 o 2. 
lls = 4a = 4(5230)*w a’** 
27h 27% x 25,000 


or w 2 die x 27 2 25,900 


4 «x ($230)? 


Sie ae 
At 


Also using equetion 4) 


Pp = wa® = # (8230)° 
éeab &gAb ¥ 
r a 4 
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A 


24 


2500 Dewele 


The saxinum prasnure is within specifications, so we proesed, 


Ye = 104 Knots = 104 x a = 173 ft/sec. 


and X, is given as 166 ft. 


From the velocity equation 1) 


173 = axiso = 5220(¢/w)'/* A°™* x 159 


b + 180 (> + 150) 


or 


(» +150) = 5730 x ae’? (w)'/* x» 156 


172 x 158 


= 78.7 Act® wt/? 
but from the seceleration caloulation 


mt/a Act? - (.60n) "7? 


then 
b+ 150 = 28.7 (,69n)1/2, 


This equation has no real solution for bh. Why is this 
true® Returning to the specifications, if the 82 RL 
pressure were held conttant throughout the firing, we 


would have a constant acceleration (theoretical) of 
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= 1.55¢ = 56 ft/sec. 


| However, to attain a velocity of 173 ft/see within 
150 ft. would require a econstunt aceeleretion cemputed 


as Pollows: 


ve at, t = y¥ 
a 
and 
2 i 
x = lat =s ] y 
a 2 
or 


2 
a = (1723) = 100 ft/sec 
300 


fe conclude thet the svecifiertions are ineoensistent, 
They must allow higher pressure, e@ larger cylinder, or a 
longsr travel in order to attsin the desired end velocity. 
These specifications were Included to indleate that tom- 
plications may arise befara the ballistics are even ap- 
plied. These specifications were undoubtedly leid down 
for an aircraft catapult where maxiaum acceleration aust 
be low end length of rum short. The corrseeted specifi- 


cations would undoubtedly allow 4 larger cylinder diameter. 
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od 
Yad 
oe 


However, this would mot remove the diffieulty indicated 
when we could mot get a solution for b. The specifications 
cleeriy require thut eon average acceleration very close 

to the aeximunm allowable must be used in order to aceuire 
the enc veloetty within the specified distance, This means 
thet the pressure must be held very close to the maxioue 
also. The Le Ime formulas are not arpliicseble te conditions 
of this sort. The equrtion relating velocity ent dige 


placement under tnese conditions is 


where 


K = | 2x? A = | 2¢h (p/w) 42 = ¢onsteant 
¥ 


Here W, the total weight accelerated, is the weight of 

the projectile plus the effective welent of the sowder 
guses. The powder gasee are increasing hence the vresseure 
must increage in orter to keep tne ratio of oresenre to 
total weight constant. Thus the meximum pressure 111 
ocenr when the projectile is at tha mugele of the gun (or 
catapult), This is not the condition desired in high 
pregcsure guns since no expansion work is dere ana the gun 


would be very inefficient. 
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Now we will look at the snectfieationa of an oute 
dated Naval gun and try our Le Duc ballistic formulas with 


thes. 


epecifications ¢ 


Length of travel 41 Inches 
HWugsle velocity 2500 ft/sec 
Diameter of bore 6 inches 

Weight of vrofactile 130 lbs. 

Maximum Pressures 18.5 tons/in- ) 


The solid propellant charge was 37 pounds, What 
weight of 90% 8,0, will be required? 


Equation 1) 
Y= 44x * @xy 20 = 2500 
box hb + 25 
then 20a = 2500 (b + 20) 
&® * 225d + 2400 
Also equation 6) 
a 


Paax = 41,500 = 13028. 
&x 32.2 x 9b 





2 
er b = & 


1-74 x 10* 








EE A 


) Long tons are used for Raval ordnance sressure neasure- 
gents, 2240 Lps/ton. 
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Solving the two equitions in a and b for a, gives 
z 4 6 
G&G = 1.4 * 10 a+ 34 x 10 = 
ang e@ © ,.32 x 19 
Also 


a = 5230 (w/i30)'/* at'*? « (32 x 104 


“. fa 
or (*/139) / = (,32 x 10*) iL 
ee otk 
5230 £. 


then Ww = 1390 x 36%) a 
a 


5 OF as 

If A & ef» . a 

w *« 27 x LAT & 6% pounds 
af Aw wy 

w = AP x 1.974 = 63 wounds 

| 

1g als sty 

w = 47 #1699 = 31 vounds 


4hese ealoulations indisate thet about teice the 
weight of propellant would be required aging 8,0,. in- 
steac of the emokeless vowder charge. The relative nere 
formance is opobably not af low aa caleuleted here heecanse 
the esolrical percentage figure for smokeless cower was 


nged to ronvert the avellable energy of the H,9, to useful 





1) 


Bee note pare 274. 
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energy and the same srocedure wae used to convert the 
theoretical oressure to guare pressure for HyOg. However, 
& more correct compariton can not be made since empirical 


data for the liquid propellant are non-existent. 


“art Ii 





There tie besically no reagen why a gun 
propellant shoulc be either ifenifé or aoldd. Eolid proe 
pellants have veen developed to a high degree af verfeo- 
tion because they offer a convenient way of sontrolling 
the rate of vas evolution through grain design, 

Althovgh the anlid vropellants sre satisfactory for 
many gunnery applications they imocea definite restric 
tiong on ammunition handling an® gun performance. The 
edvantages te te locked for by using the liquid nro} 
nellents are 

1, Better gun efficiency at super velocities and 
less erosion. 

2. Fewer men reculred to operate a battery. 

3.- Greater adaptability through the possibility of 


varying injection rate and amount. 
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The mein disadvantage forseen Is ome of requiring 
amore complicated mechanics. tevices. 

It is difficult to eveluate the verformaence of the 
liquid propellant until a large amount of basic research 
has been performed. This baste research must he done in 
cnenistry, chysics, and engineering design. 

The tactical requirements must bea kept in wind as 
the research gees forward in order to @ia the coordinated 
efforts of research groups in the cesired, practical 


Aairection. 
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